BACKGROUND: Up to 50 % of patients do not take medications as prescribed. Interventions to improve adherence are needed, with an understanding of which patients benefit most. OBJECTIVE: To test the effect of two low-literacy interventions on medication adherence. DESIGN: Randomized controlled trial, 2×2 factorial design. PARTICIPANTS: Adults with coronary heart disease in an inner-city primary care clinic. INTERVENTIONS: For 1 year, patients received usual care, refill reminder postcards, illustrated daily medication schedules, or both interventions. MAIN MEASURES: The primary outcome was cardiovascular medication refill adherence, assessed by the cumulative medication gap (CMG). Patients with CMG< 0.20 were considered adherent. We assessed the effect of the interventions overall and, post-hoc, in subgroups of interest. KEY RESULTS: Most of the 435 participants were elderly (mean age = 63.7 years), African-American (91 %), and read below the 9th-grade level (78 %). Among the 420 subjects (97 %) for whom CMG could be calculated, 138 (32.9 %) had CMG<0.20 during followup and were considered adherent. Overall, adherence did not differ significantly across treatments: 31.2 % in usual care, 28.3 % with mailed refill reminders, 34.2 % with illustrated medication schedules, and 36.9 % with both interventions. In post-hoc analyses, illustrated medication schedules led to significantly greater odds of adherence among patients who at baseline had more than eight medications (OR=2.2; 95 % CI, 1.21 to 4.04) or low self-efficacy for managing medications (OR=2.15; 95 % CI, 1.11 to 4.16); a trend was present among patients who reported non-adherence at baseline (OR= 1.89; 95 % CI, 0.99 to 3.60). CONCLUSIONS: The interventions did not improve adherence overall. Illustrated medication schedules may improve adherence among patients with low selfefficacy, polypharmacy, or baseline non-adherence, though this requires confirmation.
INTRODUCTION
Despite the importance of cardiovascular risk factor control in patients with coronary heart disease (CHD), 1 only 50-80 % of patients remain adherent to medical therapy. [2] [3] [4] This contributes to poor disease control, 5 as well as excess health care utilization, costs, and mortality. 6, 7 Patients may be non-adherent for many reasons, including forgetfulness, lack of motivation, and barriers such as high drug costs. 8, 9 Inadequate health literacy, 2,10-12 poor understanding of the medication regimen, 13 low selfefficacy, 14 and medication regimen complexity can also adversely affect adherence. 15 A number of complex interventions have demonstrated moderate success in enhancing medication adherence. 16 However, in multimodal programs, it is difficult to know which components were most effective. 16 Moreover, analyses rarely show how patient characteristics affected the success of the intervention. 16 Interventions should be expected to achieve different results across different types of patients, as their reasons for non-adherence vary. Simpler interventions, along with enhanced understanding of patients most likely to benefit, are needed. This would enable more targeted and cost-effective implementation of adherence interventions.
National and international organizations have called for interventions to improve medication management, with attention to low health literacy, 8, [17] [18] [19] which affects approximately 36 % of adult Americans. 20 Among the possible approaches, better patient education with the use of illustrated teaching aids appears promising. In two systematic reviews, illustrated materials improved recall, comprehension, and adherence in patients of various literacy levels. 21, 22 However, most of the studies were small and involved simulated medication regimens, rather than patients' actual medications.
We conducted a randomized controlled trial to evaluate the effect of illustrated medication schedules and refill reminder postcards on medication adherence during a 1 year period. We also examined the effect of certain characteristics, including low health literacy, self-efficacy, and medication regimen complexity, on the effect of the interventions.
METHODS

Design Overview
The study, Improving Medication Adherence through Graphically Enhanced interventions in Coronary Heart Disease (IMAGE-CHD), randomized patients in a 2×2 factorial design, with concealment of allocation and blinding of outcome assessors. The study was approved by the university Institutional Review Board (IRB) and the health system Research Oversight Committee. Participants provided written consent and HIPAA authorization. 23 
Setting and Participants
Enrollment took place in the primary care clinics of an urban, safety net health system in Atlanta, GA, between March 2004 and March 2005. Clinics are staffed by Internal Medicine faculty from an affiliated university, who supervise medical residents and nurse practitioners. The majority of clinic patients are African-American, female, and of low socio-economic status. All are more than 18 years of age.
Patients with established CHD (i.e., angiographically proven CHD, positive non-invasive stress test, or history of myocardial infarction or revascularization) were eligible. Only patients who regularly filled their prescriptions in the health system pharmacy, and intended to continue doing so, were enrolled. At the time of the study, medications were dispensed in person, in a 30-day supply. Most patients had a $2.00 co-pay (range $0.50 to $5.00, based on income).
Patients were excluded for: routinely receiving caregiver assistance with medication management, already using a medication chart similar to the intervention, corrected visual acuity worse than 20/60, inability to communicate in English, no telephone, no mailing address, police custody, lack of cooperation, psychiatric illness (schizophrenia, bipolar disorder, or schizoaffective disorder), delirium or severe dementia (disoriented to person, place, or time), being too ill to participate, or previous enrollment in the study.
Randomization and Interventions
Potential subjects with CHD were identified in advance by chart screening, and recruited from the clinic waiting room on the day of scheduled primary care appointments. Consenting patients completed a 30-45 minute interviewerassisted questionnaire and received $5.00 compensation. They were then randomized to receive usual care, refill reminder postcards, illustrated medication schedules, or both interventions for 1 year. Randomization was performed in advance using a computerized random number generator. Each treatment assignment was sealed in an opaque envelope for concealment of treatment allocation. Outcome assessors were blinded; patients and treating physicians were not.
Patients assigned to the illustrated medication schedules received, upon completion of the primary care visit, a visual depiction of their prescribed medication regimen. 24 It contained the name, indication, and dosing instructions for each medication in plain language, a color image of each medication, and an icon to indicate its purpose. A grid showed how the regimen should be administered across four times of the day (Fig. 1) ; this format has been called the Universal Medication Schedule. 25 The patient education tool had been developed and pilot tested in the clinic to ensure patient comprehension. Because study patients filled their prescriptions in the health system pharmacy, the medication images that corresponded to the pharmacy supplies were used. If suppliers changed, images were updated. When patients received their first medication schedule on the day of enrollment, a pharmacist or study coordinator (when the pharmacist was unavailable) met with the patient for approximately 5 minutes to provide orientation to the tool and briefly review the medications. Patients confirmed comprehension through teach-back. Patients were encouraged to contact the study coordinator for an updated medication schedule when their prescriptions or medication appearance changed. The coordinator also updated patients' medication schedule quarterly based on pharmacy records, mailed this to patients with a short letter that summarized changes, and followed up with a brief phone call to verify changes and answer questions.
The health system pharmacy always dispensed chronic medications in a 30-day supply. Therefore, patients randomized to reminder postcards had the postcards mailed to their home approximately 25 days after their last medication fill, as a behavioral cue. 26 At the time of the study in this inner-city health system, mailings were a preferred format for reminders. Each postcard displayed the refill date as well as other important reminders (Fig. 2) . If patients did not refill their medications, another reminder was sent every 2 weeks.
Data Collection
Upon enrollment, patients completed the Self-Efficacy for Appropriate Medication Use Scale (SEAMS), which measures confidence in following the regimen. 27 The SEAMS is a validated, reliable (Cronbach's α=0.89), 13-item instrument; scores may range from 13 (low self-efficacy) to 39 (high self-efficacy). The validated 4-item Morisky Medication Adherence Scale (MMAS) assessed baseline adherence on a scale of 4 (poor) to 8 (good). 28 Health literacy was measured using the Rapid Estimate of Adult Literacy in Medicine (REALM), a 66-item word pronunciation test that provides a valid and reliable assessment of literacy in the healthcare setting. 29 The enrollment questionnaire also included demographics and cognitive function. 30 Selected comorbidities and the number of prescription medications on the day of enrollment were abstracted from clinic charts.
The primary outcome, adherence to cardiovascular medication refills during the 1-year follow-up period, was determined by calculation of the cumulative medication gap (CMG), 31 using refill data from the health system pharmacy. CMG is a valid measure of medication refill adherence that represents the proportion of time that patients did not have their medications available. For each medication, CMG is calculated as the number of days in which the medication was not available (gap), divided by the number of days between the first and last prescription fill during the study period. A medication must have been filled at least twice during the study period in order to provide sufficient data for calculation of the CMG. CMG values may range from 0 to 1, with 0 indicating no gaps or 100 % refill adherence. The prescriptions of interest here included all regularly scheduled oral medications used in the treatment or prevention of CHD, including antiplatelet therapy, antianginals, lipid-lowering medications, antihypertensives, and oral hypoglycemics; drugs taken as needed (e.g., nitroglycerine) or on different schedules (e.g., warfarin) were excluded. After calculating CMG for each cardiovascular medication, a weighted average was constructed for each patient. Weights for each medication were determined by the number of days between the first and last fill. For example, if drug A had a CMG of 0.3 and a duration of 300 days, and drug B had a CMG of 0.5 and a duration of 100 days, then the weighted average CMG for the patient would be [(0.3×300)+(0.5×100)]/400= 0.35.
2 A priori, a weighted average CMG score<0.20, equivalent to having medications at least 80 % of the time, was considered adherent. 5 
Statistical Analysis
For sample size calculations, we assumed 50 % baseline adherence, 4,9 alpha=0.05, and beta=0.20. Prior interventions had achieved absolute improvements in adherence of 15 % to 21 %. 32, 33 In order to detect a 20 % difference in adherence between the control and intervention groups, we determined that we needed 90 patients in each group. To account for loss to follow-up, we enrolled 440 subjects.
Descriptive statistics summarized the sample characteristics, baseline measures, and CMG. We compared baseline characteristics using ANOVA and chi-square tests. We determined the effect of treatment assignment on the primary outcome using a chi-square test. We then used logistic regression to compute the odds of adherence, including each intervention as a predictor. Post-hoc, to test whether important baseline characteristics altered the effect of each intervention, we ran models stratified by age, cognitive function, education, health literacy, selfreported adherence, medication self-efficacy, or number of prescribed medications. For the stratified models, we dichotomized MMAS at 8, REALM at 44, and selfefficacy and number of medications near the median. Models were initially constructed including an interaction term between treatments, but since no evidence of interaction was found, the results from simpler and more statistically efficient models without the interaction term are presented here. Analyses were performed by intention to treat, using SPSS 17.0 for Windows.
The study was supported by a grant from the American Heart Association, which had no role in the design of the study; the collection, analysis, and interpretation of the data; or the decision to approve publication of the finished manuscript.
RESULTS
Chart screening revealed 968 patients with CHD, 490 of whom were eligible (Fig. 3) . Initially, 440 patients provided consent and enrolled, although five later withdrew consent, leaving 435 patients in the study. Among them, 96 patients were assigned to receive usual care, 102 to refill reminder postcards, 121 to illustrated medication schedules, and 116 to both interventions.
Most patients were women (55.6 %) and AfricanAmerican (91.0 %) ( Table 1 ). The mean age was 63.7 years. Patients had, on average, 10.9 years of education. On the REALM, 45.1 % of subjects had a literacy level ≤ 6th grade. The median number of prescription medications was eight. The median score on the SEAMS was 32 out of 39. Half of patients were classified as having good baseline adherence by the MMAS. No significant differences in baseline characteristics were present across treatment groups (Table 1) .
Medication Adherence
Sufficient pharmacy data to permit CMG calculations were available on 420 patients (96.6 %). No meaningful differences were present between patients with and without refill data. Values for the weighted average CMGs ranged from 0 to 0.83, with a mean of 0.32 (SD=0.20) and median of 0.31. Overall, 32.9 % of patients (138 of 420) had CMG< 0.20 and were considered adherent to cardiovascular medications during the 1 year of follow-up.
The rate of adherence (i.e., CMG < 0.20) among patients assigned to receive both interventions was 36.9 %, compared to 34.2 % in the illustrated medication schedule group, 28.3 % in the refill reminder postcard group, and 31.2 % in usual care (Fig. 4, Panel a) . These . Study flow. *Other includes: already using medication chart (n=11), incomplete eligibility screen (n=10), inability to communicate in English (n=9), visual acuity >20/60 (n=7), no telephone or mailing address (n=6), police custody (n=2), lack of cooperation (n=2), too ill to participate (n=2), previous enrollment (n=2), or psychiatric illness (n=1). (Fig. 4, Panel b) . Among the 210 patients assigned to receive the refill reminder postcards, 32.9 % (N=69) were adherent; the same level of adherence was observed among the 210 patients not assigned to receive these reminders (N=69 of 210 patients, 32.9 %), p=1.0.
Overall, patients assigned to receive illustrated medication schedules had slightly higher odds of adherence (OR=1.31; 95 % CI, 0.87-1.97), though this effect was not statistically significant (Table 2 ). In post-hoc subgroup analyses, illustrated medication schedules led to significantly greater odds of adherence among patients who at baseline had more than eight medications (OR=2.21; 95 % CI, 1.21 to 4.04) or low self-efficacy for managing medications (OR=2.15; 95 % CI, 1.11 to 4.16); a trend was present among patients who reported non-adherence at baseline (OR=1.89; 95 % CI, 0.99 to 3.60).
Patients assigned to receive refill reminder postcards did not have better adherence overall (OR=1.01; 95 % CI, 0.67 to 1.52) or in any of the tested subgroups (Table 2) .
DISCUSSION
The IMAGE-CHD study tested two low-literacy interventions that sought to improve medication adherence in an underserved population with CHD and other comorbidities. Mailed refill reminders did not improve adherence overall or in any subgroups of interest. Illustrated medication schedules, initially accompanied by a brief orientation and review of the medication list, did not significantly improve adherence overall. In post-hoc subgroup analyses, we found that illustrated medication schedules may improve adherence among patients with low medication self-efficacy, polypharmacy, or baseline non-adherence. These results should be considered hypothesis-generating and put in the context of other investigations.
A systematic review of the literature showed that illustrated medication instructions are generally effective in improving patient satisfaction, comprehension, recall, and, in two small studies, adherence to short-term regimens such as antibiotics. 22 Many of the studies summarized in that 2006 review involved simulated regimens or were conducted internationally among populations with a high prevalence of illiteracy. More recent studies from the United States, evaluating the effect of illustrated instructions on patients' adherence and health outcomes, are limited. Among the largest studies was a randomized trial of patients with heart failure, in which illustrated materials as part of a pharmacist intervention enhanced adherence and reduced healthcare utilization and costs. 34 An intervention that consisted of patient counseling and pictogram-based instruction sheets for liquid medications reduced dosing errors and improved adherence. 35 Machtinger and colleagues demonstrated that brief counseling and a visual medication schedule improved warfarin regimen concordance and anticoagulation control, but only among patients whose self-reported regimen was discordant at baseline with the regimen stated by their clinician. 36 At hospital discharge, a pictorial medication tool alone did not improve self-reported adherence, 37 though others found that a more comprehensive intervention including pictorial instructions did reduce unplanned healthcare utilization. 38 One possibility is that the combination of pictorial instructions and more intensive patient counseling is effective, but this requires further study.
It is interesting that, in the study by Machtinger, a visual medication schedule was beneficial only when uncertainty existed about the medication. However, when patients and providers were already clear about the anticoagulation regimen, illustrating the instructions provided little additional value. Similarly, in our post-hoc analyses, patients who at baseline reported less than average confidence about managing their medications appeared to benefit from having them depicted in an illustrated medication schedule. Moreover, because we studied patients' entire medication regimen, our findings extend those of Machtinger (who studied warfarin only) by also showing possible benefit among patients with polypharmacy. However, these findings require confirmation.
Although the IMAGE-CHD interventions were designed to accommodate to the needs of patients with low health literacy, 39 we found in stratified analysis that the treatment effect did not differ significantly according to patients' health literacy. One possible explanation is that, although health literacy may be indirectly associated with medication management, 2, [40] [41] [42] [43] other factors such as medication understanding and self-efficacy are more closely related to adherence behavior. 27 Our stratified analyses suggest that, rather than targeting patients on the basis of low health literacy, adherence interventions should be directed toward patients with low medication selfefficacy, a complex medication regimen, or evidence of non-adherence.
Strengths of this randomized controlled trial include its focus on medication adherence in an underserved patient population, as well as high participation and follow-up rates. Notably, the interventions tested in this study were relatively simple. A review of the adherence literature reveals that successful adherence interventions often involve multiple components. 16 However, when studies are positive, it is difficult to ascertain which elements were most beneficial. Moreover, intensive interventions have high resource requirements. Simple interventions are more feasible to implement and sustain, particularly in underserved settings where the needs may be greatest. More research is needed to rigorously examine the effect of simple adherence interventions such as those tested in IMAGE-CHD.
Several limitations are present. First, this study was conducted at a single institution, and the results may not be generalizable. Second, although refill adherence is considered a valid and objective measure which correlates highly with pill count and electronic monitoring, 31, 44, 45 it is a surrogate outcome and does not directly capture daily medication taking behavior, which was a target of the illustrated medication schedule intervention. Third, refill adherence may be underestimated if patients use other pharmacies from which data are not available. Study participants all regularly used the health system pharmacy from which we obtained data, but they could have used other pharmacies during the study. This would have reduced the observed adherence rate, which was lower than that seen in other studies, 2,46 but we have no reason to believe that this differed by treatment arm to bias the observed treatment effect. Fourth, the study was powered to detect a difference of 20 percentage points in adherence, a relatively large effect size that had been seen in several successful previous adherence studies. 34, 35 If illustrated medication schedules have an effect on adherence, the effect size is likely much smaller. Larger studies that include cost-effectiveness analyses are needed to determine the efficacy and value of interventions with a small effect size. These are worth pursuing because even small improvements in adherence (e.g., 5 percentage points) are important on a population level, particularly for prevalent conditions such as CHD. 47 Fifth, the stratified analyses were conducted post-hoc, in order to better understand the effect of the interventions in subgroups of interest. Larger prospective studies with a priori hypotheses, alternate measures of daily adherence, and clinical outcome assessment are needed.
These limitations notwithstanding, the IMAGE-CHD study adds to the adherence literature a test of two simple interventions in a vulnerable population. Neither intervention significantly improved medication refill adherence overall. Illustrated medication schedules may improve adherence in certain at-risk subgroups, and this merits further study.
